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proportional integral derivative PID controllers are widely used in excitation control of power sys-
tems. Fuzzy logic control is often viewed as a form of nonlinear PD, PI or PID control. This paper
describes the design principle, tracking performance of a fuzzy proportional-integral PI plus deriv-
ative D controller. This controller is developed by ﬁrst describing discrete time linear PID control
law and then progressively deriving the steps necessary to incorporate a fuzzy logic control mech-
anism into the modiﬁcations of the PID structure. The bilinear transform (Tustin’s) is used to dis-
cretize the conventional PID controller. In this paper some performances criteria were utilized for
comparison with other PID controllers, such as settling times, overshoots and the amount of posi-
tive damping. The proposed scheme is robust to variations in operating conditions to match the
ﬂuctuations of load demand in the power system.
 2011 Ain Shams University. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Power system dynamic stability refers to the damping of elec-
tromechanical oscillations occurring in the power system.20 1223231266.
m
y. Production and hosting by
Shams University.
lsevierThese oscillations are with small magnitude and low fre-
quency, approximately in the range of 0.2–2 Hz. If these oscil-
lations continue for long periods of time, they can constrain
power transfer capability, affect system security and damage
the operation efﬁciency of the power system. Conventional
PID has been widely used in suppressing electromechanical
oscillations occur in power systems [1,2]. Since the power sys-
tem is usually nonlinear, time variant and governed by strong
cross-couplings of the input variables, it is necessary to tune
conventional PID controllers more than one times; otherwise
that leads to degrade its performances [3–6].
In recent years, applications of fuzzy PID controllers to
power systems were reported in a number of publications [7–9].
It solved the same set-point regulation problem addressed by
classical PID control, except that fuzzy control provides a non-
linear input/output mapping [10,4].
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applications are the double inputs fuzzy PID. The reason to
use this type is that the observation of the system’s integral
error is very difﬁcult task in practice, since more fuzzy control
rules are needed. Hence, it is better to design a fuzzy PID con-
troller by integrate the output of fuzzy PD and then combined
with the output of the fuzzy PD controller [11,12]. But this
type needs to adjust some weights on the PD type and the
PI type fuzzy controller which is considered time consuming
[11].
In this paper a fuzzy PI and D controller is presented. The
fuzzy PI plus D developed here follows the practical approach
of the conventional PI plus D controller design method. The
output of the proposed controller is the summation of the
outputs of the fuzzy PI and fuzzy D controllers.
Since the implementation of most modern control systems
is in a computer processor, the conventional PID control law
in this paper is converted into a discrete-frequency domain
with the variable z using the bilinear transform to obtain a dig-
ital version [13,14].
The proposed controller preserves the basic properties of
the general PID controller, but it has a simple conﬁguration
similar to the fuzzy PI and PD controllers [15].
The basic characteristics of the proposed design can be
concludes:
 The application of the proposed fuzzy PID controller is
applied and examined to a single machine inﬁnite bus
system.
 The conventional PID control law is transformed to dis-
crete version using the bilinear discretization formula.
 The ﬁnal version of the proposed fuzzy PID controller is a
computationally efﬁcient analytic scheme suitable for
implementation in a real-time closed-loop digital control.
 It has the same linear structure as the conventional PI plus
D controller, but it has no constants gains.
 The proportional, integral and derivative gains are nonlin-
ear functions of the input signals.
 The required amount of positive damping is obtained by a
proposed digital version controller instead of conventional
PID controller.
 The membership functions are simple triangular ones with
some fuzzy logic if-then-rules similar to classic fuzzy logic
controller.
 Fuzziﬁcation, control law, which is an explicit conventional
formula, so that the fuzziﬁcation rules and the defuzziﬁca-
tion routine are not, needed at all process control steps.
Finally, various simulations studies are performed in order
to demonstrate the robustness of the proposed controller and
the effectiveness of its capability to damp out the electrome-
chanically oscillations. Comparison studies have also been ex-
tended between the dynamic performance of the proposed
discrete fuzzy PID, the conventional PID controller and the
double input fuzzy PID controller (will be called in our study
fuzzy PID controller). The numerical simulations results
clearly demonstrate the superiority of the proposed controller
in comparison with the conventional PID controller and with
the fuzzy PID controller. Our study considers a single-machine
connected to an inﬁnite-bus through a transmission line that to
demonstrate the proposed discrete fuzzy PID controller
technique.This paper is organized as follows. In Section 2 a nonlinear
model for the power system is considered. In Section 3 design
of the discrete fuzzy PI and fuzzy D controllers are derived. In
Section 4 the combination of the two controllers are consid-
ered. Results of testing the discrete fuzzy PID controller on
the single-machine inﬁnite-bus system is considered in Section
5. The conclusions are given in section 6.
2. Nonlinear single machine inﬁnite bus power system model
The power system considered in this paper is a single-machine
inﬁnite-bus system. This system is used to evaluate the pro-
posed fuzzy PID controller. It consists of a synchronous gener-
ator, a turbine, a governor, an excitation system and a
transmission line connected to inﬁnite-bus as shown in Fig. 1.
The model of power system considered is built using a C++
software program. In Fig. 1, Pref is the mechanical power refer-
ence, Pg is the feedback through the governor, TM is the turbine
output torque,V1 is the inﬁnite bus voltage, Vref is the terminal
voltage reference, Vt is terminal voltage, Efd is the exciter out-
put voltage, andU is the supplementary output signal which de-
pends mainly on the location of the switch S. The four blocks
DFPID, FPID, PID and no control (open loop) stand for dis-
crete fuzzy PID controller, fuzzy PID controller, conventional
PID controller, and the case of no control, respectively. The
synchronous generator is described by a seven order d–q axis
set of equations with the machine currents; speed and rotor an-
gle as state variables. The turbine is used to drive the generator,
and the governor is used to control the speed of the turbine and
the real power. The differential equations describing the differ-
ent subsystems of the power system are given below [16,17]:
Machine winding is represented by ﬁfth order as follows:
_Xw ¼ X11 ðxbV1  ðxbR1 þ G1ÞXwÞ ð1Þ
where XW is a state vector represents the state variables of the
machine windings, while X1, R1, V1 and G1 are parameter
matrices given in Appendix A.
The IEEE Type ST1 excitation system is considered in this
study. It can be represented as follows:
_Efd ¼  1
Te
Efd þ Ke
Te
ðVref  VTÞ ð2Þ
The output must be limited to prevent the controller to counter
action of automatic voltage regulator AVR.
The set of the differential equations describing the steam–
turbine–governor system is given as follows:
_YHP ¼ 1
TCH
ðP0  YHPÞ
_YRH ¼ 1
TRH
ðYHP  YRHÞ
_YIP ¼ 1
TIP
ðGVIYRH  YIPÞ
_YLP ¼ 1
TCO
ðYIP  YLPÞ
_GVM ¼ 1
TGVM
ðUGM  GVMÞ
_GVI ¼ 1
TGVI
ðUGI  GVIÞ
ð3Þ
where HP, IP and LP stand for high, intermediate and low
pressures in per unit respectively, and VM is the control valve.
∞
V
+Pref 
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Figure 1 Nonlinear single machine inﬁnite bus power system.
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swing equation given by
_x ¼ xb
2H
ðPm  Pe  kdxÞ ð4Þ
_d ¼ x xb ð5Þ
where Pm, Pe and kd are the accelerating power, the electrical
power of the synchronous generator and the damping,
respectively.
Eqs. (1)-(5) can be organized in the following form:
X

¼ fðX; u; tÞ ð6Þ
where X is a vector of the state variables, u is an input vector
representing the output of the exciter Efd, and f is a set ofFigure 2 Structure of discrnonlinear functions describing the differential equations of
the complete power system under study.
3. Design of the fuzzy PI and D controllers
The general structure of the proposed discrete fuzzy PID con-
troller is shown in Fig. 2. It consists of two nonlinear fuzzy
channels; one for the PI controller and the other for the D con-
troller. Both the PI and D controllers have two discrete inputs
as shown in Fig. 2.
3.1. Derivation of the discrete fuzzy PI controller
The output of the analog PI controller in the frequency S-do-
main is:ete fuzzy PID controller.
126 G. ShabibUPIðsÞ ¼ Kap þ
KaI
s
 
EðsÞ ð7Þ
where KaP;K
a
I are the continuous proportional and integral
gains, and E(s) is the tracking error signal. Eq. (7) can be
transformed to discrete version by applying the bilinear trans-
formation: s ¼ 2ðz1Þ
Tðzþ1Þ [14], where T> 0, is the non-pathological
sampling period. Substituting by the bilinear transformation,
Eq. (7) can be written as:
UPIðzÞ ¼ Kap þ
KaI
2ðz1Þ
Tðzþ1Þ
 !
EðzÞ ð8Þ
Eliminating the denominator and rearranging yield:
UPIðzÞ ¼ Kap 
TKaI
2
þ K
a
IT
1 z1
 
EðzÞ ð9Þ
Let KdP ¼ KaP  KaI T2 ;KdI ¼ KaIT, where KdP;KdI are the discrete
gains of the PI controller.
Eq. (9) can be converted back to a discrete-time domain
using the inverse z transform, rearranging it and dividing each
term by T yield:
DUPIðkÞ ¼ KdPDeðkÞ þ KdI eðkÞ ð10Þ
DUPIðkÞ ¼ UPIðkÞ UPIðk 1Þ
T
 
ð11Þ
DeðkÞ ¼ eðkÞ  eðk 1Þ
T
 
ð12Þ
where DUPIðkÞ stands for the incremental control output of the
PI controller and DeðkÞ stands for the rate of change of the er-
ror signal. Eq. (11) can be written as;
UPIðkÞ ¼ UPIðk 1Þ þ KPIu DUPIðkÞ ð13Þ
where KPIu is a scaling factor of the PI fuzzy controller which
will be estimated in Section 4.
3.2. Derivation of the discrete fuzzy D controller
The control signal of the derivative continuous controller can
be written as:
UDðsÞ ¼ sKaDYðsÞ ð14Þ
where KaD is the continuous derivative gain, and Y(s) is the fre-
quency in S-domain of the plant output. Eq. (14) in discrete
form using bilinear transform can be written as:
UDðzÞ ¼ z 1Tðzþ1Þ
2
 !
KaDYðzÞ ð15Þ
Eq. (15) can be written in discrete-time domain using the in-
verse z transform as;
DUDðkÞ ¼ KdDDyðkÞ ð16Þ
DUDðkÞ ¼ UDðkÞ þUDðk 1Þ
T
 
ð17Þ
DyðkÞ ¼ yðkÞ  yðk 1Þ
T
 
ð18Þ
KdD ¼
2KaD
T
ð19Þwhere DUDðkÞ is the incremental output of the D controller, Dy
(k) is the rate of change of the output, and KdD stands for the
discrete gain of the D controller. Eq. (15) is modiﬁed to de-
scribe an actual fuzzy logic controller by adding a signal kyd(k)
to its right-hand side representing the input error signal term
[15] where;
KydðkÞ ¼ yðkÞ  yrefðkÞ ¼ eðkÞ ð20Þ
where yref (k) is the reference signal of the output y(k) and k
equals unity in our study. Eq. (16) can be written as:
UDðkÞ ¼ UDðk 1Þ þ KDu DUDðkÞ ð21Þ
where KDu stands for scaling factor of the D fuzzy controller
which will be designed in Section 4.
4. Discrete fuzzy PID control structure
Combination of both the output of the fuzzy PI controller and
the output of the fuzzy D controller given by Eq. (13) and Eq.
(21), respectively, gives the ﬁnal output of the fuzzy PID
controller as:
UPIDðkÞ ¼ UPIðkÞ þUDðkÞ ð22Þ
Eq. (22) can be written in a simpliﬁed form as;
UPIDðkÞ ¼ UPIðk 1Þ þ KPIu DUPIðkÞ UDðk 1Þ
þ KDu DUDðkÞ ð23Þ
Eq. (23) gives the ﬁnal discrete controller equation to be used
in our control scheme. A special fuzzy logic routine of Eq. (23)
will be developed later to yield a more powerful and robust
controller for the power system under study which is consid-
ered nonlinear due to the ﬂuctuation of the load conditions.
For the case of power system, the problem of the defect in
mathematical modeling can be solved using good associative
decision rule.
The basic conﬁguration of fuzzy logic control comprises
four principal stages: fuzziﬁcation stage, knowledge base stage,
decision making logic stage, and defuzziﬁcation stage. A com-
prehensive survey of fuzzy logic control, which becomes one of
the most successful areas for the application of fuzzy set the-
ory, can be found in [18]. In this work, the ﬁrst step is to spec-
ify controller input and output variables. The main input
variables to the proposed controller are the y(k) which is the
generator speed and its derivative (see Fig. 2). The individual
inputs to the fuzzy PI and D controllers are derived as follows:
PI controller
X1ðkÞ ¼ KdI ðxbðkÞ  xðkÞÞ ð24Þ
X2ðkÞ ¼ KdP
DxðkÞ  Dxðk 1Þ
T
 
ð25Þ
D controller
X1ðkÞ ¼ kðxðkÞ  xbðkÞÞ ð26Þ
X2ðkÞ ¼ KdD
xðkÞ  xðk 1Þ
T
 
ð27Þ
where xb is the base speed and k is a constant equal 1.
The fuzzy output terms UPI(k) and UD(k) are functions in
[X1(k),X2(k)], where X1(k), and X2(k) are considered as inputs
to discrete fuzzy PID controller.
Table 1 Fuzzy associative matrix for the excitation control
signal.
X1
X2 NB NM NS Z PS PM PB
NB Z
NM NM NS Z PS
NS NB NM NM NS Z PS PM
Z NM NM NS Z PS PM
PS Z PM PM
PM Z PS PM PM PB PB
PB Z
    NB       NM     NS       Z       PS      PM        PB 
 -1.0                              0                             +1.0   
0.0 
1.0 
Figure 3 Triangular membership functions for inputs and
outputs of PI and D controllers.
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are speciﬁed. A universe of discourse is selected for the linguis-
tic values, in our study (1, +1) is selected as a universe of dis-
course. The universe of discourse can be quantized into
overlapping fuzzy set values. Control fuzzy variables, with
their respective fuzzy set values are shown in Table 1. In our
scheme, seven linguistic values are used. The fuzzy set values
of the linguistic values are chosen in the way as follows: X1:
[NB Negative Big; NM Negative Medium; NS Negative Small;
Z Zero; PS Positive Small; PM Positive Medium; PB Positive
Big].
The same procedure can carry out for the input variable
X2(k). Each term of the linguistic values has an associated
membership functions as follows [lNB lNM lNS lZ lPS lPM
lPB]. Each membership function is a map from the real line
to the interval [0,1]. Fig. 3 shows a plot of the membership
functions used for the inputs. In practice, the quantizing fuzzy
sets are usually symmetric triangular or trapezoids, centered
about some representative values. The density of fuzzy sets
must be highest around the optimal control point of the system
and should be thin out as the distance from this point
increases. Output membership functions are chosen to be iden-
tical with triangular function for both the fuzzy PI and D con-
trollers as shown in Fig. 3. Fig. 3 uses a triangular membership
functions with height one, which occurs at points 1, .65,
.33, 0.0, 0.33, 0.65, and 1. In fuzziﬁcation stage, transforma-
tion of the inputs X1(k) and X2(k) into the setting of linguistic
values are done. The input X1(k), and X2(k) are ﬁrst normal-
ized by scaling them and then converted to fuzzy sets. In each
step k, we have two membership values l1 (k1, X1(k)) and
l2(k2, X2(k)), where k1 and k2 are scaling factors for the two
inputs of the fuzzy PI controller, respectively. Similar notation
for the fuzzy D controller is considered.
A set of decision rules relating controller inputs to the out-
put can be constructed from expert knowledge and experience.
This stage is considered as the core of the fuzzy logic control.
With speciﬁc reference to the characteristic of the power
system, we construct the fuzzy control rule table tabulated in
Table 1, where the 28 rules are used. The rule in column 4
and row 2 for the fuzzy PI controller can be written as:
IFX1 is Zero AND X2 is Negative Medium THEN PI output
¼ Negative Medium:
This rule can be explained as; if the input X1 is a member of
the zero and the input X2 is a member of the negative medium,
then the output of the PI controller is a tendency for negativemedium. Where AND operation is realized by ‘‘min’’ opera-
tion, i.e. =min (l(x1), l(x2)) and other rules can be interpreted
in the same way. Similar rules from Table 1 can be written for
the fuzzy D controller. The 28 rules for the fuzzy PI controller
and the same number of rules for the fuzzy D controller alto-
gether yield the control actions for the fuzzy PID controller.
For the power system these rules are structured in such away
that avoid overshooting and an obtained acceptable signiﬁcant
amount of positive damping.
The resulting fuzzy set must be converted to a number that
can be sent to the excitation summing point as a supplemen-
tary control signal. This operation is called defuzziﬁcation.
The resulting fuzzy set is thus defuzziﬁed into a crisp control
signal. The method of center of gravity is used in this study
to transform the fuzzy value into a crisp value [18]. The crisp
output value UPID is given by:
UPIDðkÞ ¼
P
ilðxiÞxiP
ilðxiÞ
ð28Þ
where xi is a running output in a discrete universe, and l(xi) is
its related membership value in the membership function. The
expression can be interpreted as the weighted average of the
elements in the support set.
5. Results of the discrete fuzzy PID controller simulations
To demonstrate the efﬁciency of the proposed discrete fuzzy
PID controller, several simulations were performed. Following
the design procedures explained in Sections 3 and 4, the output
of the discrete fuzzy PID controller can be obtained and
injected to the summing point in the excitation system of the
single-machine inﬁnite-bus system as shown in Fig. 1. A non-
linear model of 14 orders is used for representation of the sys-
tem. A complete system representation and detailed data are
given in Appendix B [17]. Results of three study cases are pre-
sented in this paper. These are step change in the mechanical
load for lagging, step change in the mechanical load for lead-
ing power factor and 3-phase short circuit. The maximum exci-
tation voltage was speciﬁed to be 5.0 pu. The sampling time
was chosen to be 0.02 s, while the time step of numerical inte-
gration of the differential equation (solved by using fourth
order Runge-Kutta method) was speciﬁed as 0.001 s. For the
purpose of comparison the response curves for the same sys-
tem variables, when using conventional PID, discrete fuzzy
PID controller, fuzzy PID controller and the case of without
control are shown in Figs. 4–9.
5.1. Case A1: Load test with lagging power factor
Initially, the generator operating at a power of 0.8 pu, 0.87
power factor lag, then it was subject to a 15% step increase
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Figure 6 Rotor angle responses to 15% step increase in mechanical torque with leading power factor.
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Figure 4 Rotor angle responses to 15% step increase in mechanical torque with lagging power factor.
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Figure 5 Rotor speed deviation responses to 15% step increase in mechanical torque with lagging power factor.
128 G. Shabibin the mechanical torque reference at t= 3 s. Figs. 4 and 5 rep-
resent rotor angle and rotor speed deviation for the nominal
loading condition of active power 0.8 pu, reactive power of
0.26 pu. The parameters of the analog PID controller is ﬁxed
to KaP ¼ 1:3, KaI ¼ 40:0, and KaD ¼ 0:0001. In the case of dis-
crete fuzzy PID controller the output scaling parameters areadjusted to KPIu ¼ 0:0002 and KDu ¼ 0:04. The weights of both
the PD and PI controllers for the fuzzy PID are adjusted to
0.008. The comparison between the response curves corre-
sponding to the discrete fuzzy PID controller with those when
analog PID and fuzzy PID controllers are applied show that
the transient system performance is highly improved. The
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Figure 9 Rotor speed deviation responses to a temporary (100 ms) three phase short circuit with lagging power factor.
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Figure 8 Rotor angle responses to a temporary (100 ms) three phase short circuit with lagging power factor.
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Figure 7 Rotor speed deviation responses to 15% step increase in mechanical torque with leading power factor.
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responding to the analog PID controller and the fuzzy PID,
while the later has exhibits a time delay.
5.2. Case A2: Load test with leading power factor
With the generator operating at a power of 0.8 pu, 0.95 power
factor lead, then it was subject to a 15% step increase in themechanical torque reference at t= 3 s. Figs. 6 and 7 represent
rotor angle and rotor speed deviation for the unstable loading
condition, the reactive power is equal to 0.2629 pu. The oper-
ating point in this kind of disturbance is close to p/2 which
means that power system works near unstable region. The
parameters of the analog PID controller are ﬁxed to
KaP ¼ 1:3;KaI ¼ 40, and KaD ¼ 0:0001 while the output scaling
parameters of the discrete fuzzy PID controller are adjusted to
130 G. ShabibKPIu ¼ 0:0001 and KDu ¼ 0:04. Also, the weights of both the PD
and PI controllers for the fuzzy PID controller are adjusted to
0.008. The discrete fuzzy PID controller is able to damp out
the oscillations in this type of disturbance in approximately
1 s compared to analog PID and fuzzy PID controller. The dis-
crete fuzzy PID controller exhibits low overshooting and
quickly settling time corresponding to the analog PID control-
ler. The fuzzy PID controller shows a signiﬁcant value of stea-
dy error as well as time delay.
5.3. Case A3: Three phase short circuit test at generator bus
With the generator operating at a power of 0.8 pu, 0.87 power
factor lag, a three phase short circuit on the generator bus was
applied at t= 3 s and cleared in 100 ms. The parameters of the
analog PID controller are ﬁxed to KaP ¼ 1:3;KaI ¼ 40, and
KaD ¼ 0:0001 while the output scaling parameters of the dis-
crete fuzzy PID controller are adjusted to KPIu ¼ 0:0001 and
KDu ¼ 0:04. Also, the weights of both the PD and PI controllers
for the fuzzy PID controller are adjusted to 0.09 and 0.03,
respectively. Figs. 8 and 9 show response curves of rotor angle
and speed deviation in the case of three phase short circuit on
generator bus. This fault is considered as a severe disturbance
and the discrete fuzzy PID controller returned the system to a
stable case in two swings only with enough amount of positive
damping compared to the analog PID and the fuzzy PID.
These simulations clearly reveal that the discrete fuzzy PID
controller has generally better steady state and transient re-
sponses, especially when the system under control is nonlinear
or higher order linear. The weights of the PD and PI control-
lers for the fuzzy PID are adjusted to 0.09 and 0.03,
respectively.6. Conclusion
In this paper, the application of a discrete fuzzy PID control-
ler to power system is presented. The discrete fuzzy PID con-
troller is applied to one machine inﬁnite-bus system and it
was tested for different operating points and different kinds
of disturbances. In our study we describe the design principle
and the tracking performance of the discrete fuzzy PID
controller. The proposed controller is composed of two parts;
a fuzzy PI and a fuzzy D controller; which preserves the
simple linear structure of its conventional counterpart and
enhances the self tuning control capability. It is found that
the discrete fuzzy PID controller provides good damping
enhancement and results in better response behavior to damp
out the oscillations for various operating points. Results
obtained with a few if-then rules instead of 49 if-then rules
reveal the robustness of the proposed controller. It is ob-
served that although the discrete fuzzy PID controller has
the same linear structures as the analog, the discrete fuzzy
PID controller gains are nonlinear with self tuning capability
and better performances.Appendix A
The parameter matrices R1, X1, G1, and V1 are given as
follows:R1 ¼
r Re 0 0 0 0
0 r Re 0 0 0
0 0 rkq 0 0
0 0 0 rkd 0
0 0 0 0 Xmd
2
6666664
3
7777775
X1 ¼
Xq  Xe 0 Xmq 0 0
0 Xd  Xe 0 Xmd Xmd
Xmq 0 Xkq 0 0
0 Xmd 0 Xkd Xmd
0
X2
md
rfd
0
X2
md
rfd
Xfd
Xmd
rfd
2
6666664
3
7777775
V1 ¼
VB cos d
VB sin d
0
0
Efd
2
666664
3
777775
G1 ¼
0 xbðXd  XeÞ 0 xbXmq xbXmq
xbðXq  XeÞ 0 xbXmd 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2
666664
3
777775Appendix B
The parameters of the generating unit and the connected
power system are given as follows:
 Generator
xb ¼ 377 rad=s; Xd ¼ 2:0 pu; Xq ¼ 1:91 pu;
Xfd ¼ 1:97 pu; Xkd ¼ 1:94 pu; Xkq ¼ 1:9 pu; Ra ¼ 0:005 pu;
Rfd ¼ 0:0015 pu; rkd ¼ 0:0078 pu; rkq ¼ 0:0084 pu; H ¼ 3:25;
D ¼ 0:0
 Exciter
Te ¼ 0:01 s; Ke ¼ 100; 5  Efd  5 pu
 Turbine and governor system
FHP ¼ 0:24; FIP ¼ 0:34; FLP ¼ 0:42; THP ¼ 0:3 s; TRH ¼ 10 s;
TIP ¼ 0:3 s; P0 ¼ 1:2; TGVM ¼ 0:1 s; TGVI ¼ 0:1 s
Maximum opening and closing rates for both intercept and
inlet valves are restricted to =6.7 pu /s.
 Transmission line
Re ¼ 0:063 pu; Xe ¼ 0:4pu
 Operating point
P ¼ 0:8 pu; Q ¼ 0:45 pu; VB ¼ 1:0 pu
 Conventional power system stabilizer
K ¼ 0:08; T1 ¼ 10 s; T2 ¼ 0:15 s; T3 ¼ 0:05 s:
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